INTRODUCTION
Over the past decade, annual tuition fees for English students attending UK universities have risen from £1000 when introduced in 1998 to £9000 currently. 1 This is mirrored by a rise in graduate debt, which is particularly important for courses that involve prolonged periods of study such as medicine. The British Medical Association (BMA) has suggested that graduate debt for current medical students could be in excess of £70 000. 2 Such levels of graduate debt may affect the recruitment of students to a career in medicine in the UK as some may choose alternative careers and others may decide to study medicine abroad.
The Student Loans Company (SLC), under its 'Plan 2' scheme introduced in September 2012, changed both the amounts
Strengths and limitations of this study
▪ This study reports the lifetime cost to medical graduates of repaying the Student Loans Company under the new £9000 annual fees regime. ▪ Once loans for living costs are factored in, medical graduates are unlikely to repay their debt in full before it is written off at the end of the 30th year after graduation. ▪ If the amount borrowed is more than about £50 000, someone on an average female medical graduate salary will typically repay less than her male counterpart because she earns less and repayments are mainly based on the level of earnings. ▪ However, if the amount borrowed is less than about £50 000, those on the average female graduate salary repay more than their male counterparts as they accrue more interest charges. ▪ The analysis in this study is based on the assumption that the pay scales of medical graduates will rise in line with price inflation and that there will be no changes to the terms of the student loans. Small changes in either of these two sets of assumptions could have huge implications for medical graduates' actual lifetime repayments over the next 30 years.
that it will lend to students and the rules governing the repayment of the resulting debt. The SLC will lend students £9000 per annum ( pa) for tuition alone plus a separate maintenance loan 3 to cover students' housing costs and food. Means tested grants and bursaries for final year tuition fees are available for selected students. 4 Currently, SLC debts are automatically written off 30 years after graduating, regardless of the remaining debt. Repayments are based on 9% of salary above £21 000 (at 2016 prices under the current SLC Plan 2) rather than the amount of debt. Early research 5 6 has analysed the implications of the SLC Plan 2 scheme, but was limited to those on average graduate salaries and 3-year degrees. However, to date, there has been no detailed analysis of the implications for the prolonged periods of study and higher debt for courses such as medicine.
To understand how much a medical graduate might repay, an accurate estimation of gross graduate salaries is required. For medical graduates, pay scales 7 do not reflect the actual salaries earned as these can depend on additional work hours, sessions worked, flexible working and career breaks. In addition, there are notable differences between the salaries of male and female medical graduates. 8 9 To overcome these issues, a representative data set of medical graduates' actual salaries is required. The Labour Force Survey (LFS) is the largest survey undertaken by the Office for National Statistics (ONS) that records household salaries. The LFS collects data continuously on 1% of the UK population each year and provides official measures on employment rates.
10
To ensure an even coverage of the UK population and minimise sources of sampling bias, the ONS samples households randomly using the Royal Mail's Postcode Address File. Despite the lengthy questionnaire format, the ONS conducts interviews in person or over the telephone to maximise response rates. 11 In this study, the LFS was used to calculate salary profiles for the average medical graduate. Using this and the repayment schedules from the SLC, a model for the repayment of graduate debt for English students studying in the UK was developed. Total amounts repaid over the lifetime of these SLC loans were calculated based on different amounts of graduate debt.
METHODS
Male and female medical graduates' salaries following graduation LFS data between April 1997 and June 2014 were used 10 to obtain a substantial sample of medical graduates on which to base our calculations of average earnings. Their salaries were then grouped by age and gender.
This sample of medical graduates included those who may or may not be practising clinicians or who work in or outside hospital settings. The main analysis considered full-time workers alone, defined as those working more than 30 hours per week, 12 while a supplementary analysis included both part-time and full-time workers. Gross salaries and other monetary values were re-indexed to 2014 prices using the retail prices index (code CHAW) from the ONS. 13 Caution must be exercised when collecting data over such a long time period because average real salaries change over time, but this was necessary to achieve a reasonably large sample size. Fortunately, from a research standpoint, medical salaries have risen almost in line with Retail Price Inflation (RPI) so that they have hardly risen in real terms (see online supplementary figure S1). It was therefore assumed that future salaries will remain steady in real terms.
Debt from fees for a medical degree It is assumed here that a medical degree takes 5 years to complete and that most Universities will charge the maximum allowable £9000 pa for tuition fees. It should be realised that this is currently only true for English students who study in the UK. Tuition fees vary within the UK by country of study and student's country of origin. For example, Scottish students studying in Scotland have most of their £9000 fees paid by Student Awards Agency for Scotland and there are varying maximum amounts both Welsh and Northern Irish students are expected to pay.
The BMA and the National Health Service (NHS) provide a bursary for the final year's fees, so this was discounted. Repayment calculations were based on the SLC 'Plan 2' scheme that allows loans up to £9000 pa with annual interest at a rate of 3% plus RPI. These interest charges begin when the loan starts and continue thereafter. Therefore, a medical graduate who borrows to cover all tuition fees under the current 'Plan 2' system, at 2014 prices, would graduate with a debt of £39 946 (see equation 1 in the online supplementary file).
Debt from maintenance loans for a medical degree The SLC 'Plan 2' also offers maintenance loans of £4375 for students living at home; £7675 for students living in London; and £5500 for students living at universities elsewhere in the UK. Total maintenance debt for a student living at home was therefore calculated as £23 924, for a student living away from home and outside of London as £30 076, and for a student who studies in London and away from home as £41 970 (see equations 2-4 in the online supplementary file).
Repayment of fees (for any level of debt)
Under the terms of the SLC 'Plan 2', repayments are based on graduate gross income, not the level of debt. As per these rules, the Pension Contribution Rate (PCR) was subtracted from the gross salary (see online supplementary table S1 14 15 ). Models of the yearly repayment schedules were created (see equation 5 in the online supplementary file). This analysis assumed that repayments are made each year rather than each month. It was also assumed that interest is charged at the same rate (3% plus RPI) as is during the degree and for salaries above £41 000, given that medical salaries frequently exceed this. The formula used to calculate the running graduate debt at the end of each year is equation (6) 
RESULTS

Sample demographics
The overall LFS response rates varied between 75% and 50% during the period studied.
11 There were 2195 female and 2149 male medical graduates identified in the LFS. The proportion of female medical graduates increased from 39.3% to 56.0% over the period despite the female population within the LFS remaining constant at 51.5%. General demographics are shown in table 1. There were significant gender differences in age groups, proportions in hospital practice and numbers working full time. For the rest of the reported analysis, only full-time workers were included. This equated to 1589 females and 2029 males. For this group of full-time workers, there was a greater proportion of females in the 23-29 age range (59.4%) and a greater proportion of males in the 40-64 age range (63.4%). Furthermore, 73.6% of males worked in a hospital setting compared to 66.7% of females.
Age-salary profiles Average full-time salaries increased with age and then gradually decreased after the age of 55 (figure 1). Though female and male graduate salaries were initially similar, they gradually diverged such that at the age of 55, males earned 35% more than females. The gender difference in annual earnings is mainly due to differences in hourly wage rates rather than number of hours worked (table 1) .
Graduate debt and repayments
Using the resulting average age-salary profiles, projected future repayments and cumulative debt for male and female medical graduates who work full-time were generated, as shown in figures 2 and 3 (see online supplementary tables S2 and S3). Considering the repayments of those who borrowed £39 945.69 for tuition fees alone, full-time male graduates would repay a total of £57 303 and clear their debt over 20 years. Full-time female graduates would repay a total of £61 809 and clear their debt over 26 years for the same initial debt as males.
Calculation of future repayments for full-time medical graduates who also required loans for maintenance costs showed that the yearly repayments and the total repaid figure 4 illustrates the total repaid for any level of initial debt. The total repaid increases with the initial level of debt, but only up to a certain level as any remaining debt is written off after 30 years. The repayment profiles for full-time female and male medical graduates are different because females typically earn less. For full-time female graduates, the maximum total repayment is £75 786 for any initial debt above £45 988. For full-time male graduates, this maximum repayment is £110 644 for any initial debt above £65 145, again as any debt is written off after 30 years. As demonstrated by the 'crossover point' in figure 4 , for an initial debt below almost exactly £50 000, female graduates repay more despite earning less because their debt lasts longer and accrues more interest charges. For graduates with initial debt above £50 000, male graduates typically repay more because their average yearly salaries are higher.
Repayment models were also created to include both part-time and full-time medical graduates, as some graduates will have periods of part-time work during their careers (see online supplementary figures S2 and S3). As female graduates now have even lower average yearly salaries, the maximum total repayment falls to £61 410, and therefore more debt is written off in the 30th year. For very low levels of initial debt, female graduates who earn less may repay more compared to higher earning females as they accrue more interest charges. This is less obvious for male graduates due to the low proportion of part-time workers in this group.
DISCUSSION
This is the first analysis concentrating on UK LFS respondents with a medical degree. It confirms that medical graduate salaries are correlated with gender. This gender difference has an impact on the repayment of potential graduate debt. For those graduates who are able to repay the debt in the 30-year period, a higher yearly salary is advantageous as early repayment means fewer interest charges are accrued. Curiously, for those who do not repay their total debt within the 30-year period, as is the case for the average female medical graduates, a lower salary means they repay less because yearly repayments are lower and the residual debt is written off.
While the overall LFS response rate is 50-70%, the specific response rate for medical graduates is not known. 11 Though it is unclear if the LFS represents a true cross section of the 250 000 doctors registered with the General Medical Council (GMC), the observed rise in the number of female medical graduates within the LFS is similar to that seen by official GMC statistics. 17 This is despite a constant 51.5% of females in the entire LFS sample. In addition, the proportions of LFS respondents working in hospital and non-hospital settings are similar to those reported by the GMC specialist and general practice (ie, family doctor) registers. Taken together, this suggests that the sampling of medical graduates by the ONS is representative.
Assumptions were made in the construction of the model and projected salaries. These calculations focused on the patterns of debt repayment for a medical graduate on an average salary. The impact of voluntary early repayments or non-SLC bank loans were not analysed here, but it has been estimated that non-SLC loans (eg, credit cards, overdraft and bank loans) constitute only 17% of the overall debt for individual medical graduates. 2 It is unclear if this is the case for all medical graduates or whether this is limited to certain groups, for example, graduates from lower socioeconomic backgrounds. The models in this analysis assumed that medical graduate salaries will rise in line with inflation as they have done between 1999 and 2014 (see online supplementary figure S1) Finally, it should be noted that this study investigated the salaries and repayments of debt for medical graduates and no attempt was made to analyse the costs of failing to complete a degree or estimate the net returns of investing in a medical degree.
The disparity between male and female salaries is well documented across different careers and countries 18 19 and similar patterns have been documented in medicine. 7 20 21 Reports based on non-selected samples of less than a thousand UK medical respondents again suggest that gender differences in salaries exist despite rigid pay scales. 7 In the LFS data presented here, this gender gap in salaries begins at age 30, widens subsequently and is largely the result of a significant hourly wage difference between the genders. A range of factors have been cited as an explanation for these gender-wage differences which not only include discrimination but also career breaks, career choices, part-time work and motherhood. 22 23 University tuition fees have risen since they were introduced in 1998, as has graduate debt. Prior to the substantial 2012 rise in tuition fees, the Push National Debt Survey 2011 calculated average yearly student debt at £5681 from a poll of over 2000 university students in England. 21 The BMA has estimated that medical graduates could owe £70 000 in loans despite NHS bursaries. The present calculations suggest that the typical debt for medical students living away from home could be nearly £82 000 at 2014 prices when one includes the projected interest charges accrued during the time at university.
The National Audit Office 24 (NAO) presented a single simulation for a doctor graduating with an initial debt of £71 000, suggesting that they would clear the debt 25 years after graduating. However, in the simulations presented here, neither a male nor a female medical graduate with an initial debt of £70 022 (see column 9 in online supplementary tables S2 and S3) would ever repay the debt before it is written off. This difference is because the NAO analysis is based on salaries from doctors' pay scales while our analysis is based on survey data on the earnings of all medical graduates.
Furthermore, gender differences in medical salaries highlight an inconsistent relationship between salaries and total repayments of debt. The complexities of the SLC loan contract mean that the effects on total repayments of lower female salaries vary with the level of initial graduate debt. For low levels of initial graduate debt, females will typically end up repaying more than males because their debt accrues more interest charges. For high levels of initial graduate debt, females could end up repaying less because their salaries are typically lower and the debt is written off after the 30th year. This possibility of an inverse relationship between lifetime repayments and earnings, at higher levels of earnings, does not seem to have been documented elsewhere.
Student debt is a particularly emotive issue in many countries and has been widely discussed in the UK press 25 26 and academic research. 27 28 It seems reasonable that these repayment variations may actually exist across many graduate careers in the UK. It is also apparent that at the current level of fees, even small changes in the student loan contract will have substantial implications for lifetime wealth across different income groups, across male and female graduates, and on the sustainability of the student loans system.
